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M aniere, PH.D.; W. J. NichoUon, Ph.D.; A. N. K o lif PhO.; I  B. Rubin) 
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Recent studies have established 
that occupational exposure to asbestrK 
dust ts associated with serious risks of 
lung scarring and neoplastic disease ,' 5 
Under certain circumstances, albeit to a 
lesser degree, simitar hazards may «xim 
with indirect occupational exposure,4 s 
with family contactb 7 and as the result 
of neighborhood and environmental ex­
posure The latter group might include 
residents within a half mile of an 
asbestos plant.6 7

Although exposure to ¿11 *tber varieties 
have been shown to be associated with 
disease, there («mam differences con 
ceming the relative hazards associated 
w ith each asbestos liber type1,J ll has 
been difficult to determine the quantities 
or dimensions of any one fiber type 
needed to produce disease* Studies of 
human exposures to crocidofite,’ K fl
chrysolite." 11 17 amosite,”  tremolitp.15 
and anthophyllite,’  11J have been dif­
ficult to compare since they reflected d if­
ferent exposures under different con­
ditions

These uncertainties partly result from 
lack of •nformatron defining fiber ex­
posure The asbestos mineral group 
defined commercially is comprised of 
five fibrous hydrated siliratp minerals 
* - ,B Although the minerals range m 
chemical and physical propert’es, they 
possess some qualities which pprm.t 
overlapping usage in thousands of 
products and applications 19 Fibers often 
tend to occur together m the same 
mineral deposit as mixturesi3 All ex­
posures therefore, whether occupational, 
indirect or environmental, may. to some
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extent, be •‘mixed”  in nature Essential 
information about the fiber-disease 
relationship may be added by analyzing 
lung ¡issues of individuals exposed to 
fibrous dusts However, recovery and
(UeriliiiCdUoii uf asbestos particles from 
human tissues have been difficult and af­
fected by such factors as the nature of 
the recovery technique, fiber-type 
sought, amount of tissue available, level 
ol exposure, analytical technique used in 
identification, and size-sensitivity ol the 
method of examination

In this report, we review and discuss a 
number of techniques developed and 
used in the past w ith limited success 
New techniques ofier some promise for
solution of a number o f unanswered 
questions These w ill be described and 
initial results presented

Analysts o f Buk Ousts
A number of instruments have been 

used in attempts to identify asbestos 
fibeis m human tissues These make use 
of physical and chemical properties of 
asbestos minerals The accuracy of the 
procedures is predicated upon two im ­
portant assumptions (1) each asbestos 
m ineral possesses a characteristic 
property by w h ic h  n may be 
distinguished from others as well as from 
other mineral species* (2) asbestos 
minerals are not altered chemically or 
physically ifj wvo Initially, those in­
struments used by physical so enlists to 
characterize large bulk samples of
"pute”  asbestos mineral were used to 
analyze tissue extracts It followed 
logically that the tissue materials 
analyzed w ith  these "bulk instrumental 
techniques”  were those obtained from 
individuals occupationally «posed to 
mineral fiber since m such cases, the 
cnnrpntratlon of mineral fiber in tissue 
was assumed to be high and relatively

large quantities ot tissue materials would 
he available

A. — Extraction o f Inorganic 
Materials from  Tissues

\  number of techniques have been 
devised to extract inorganic particles 
from human tissues These tndude the 
form amide method,70 “ n  hydrochloric 
acid digestion24 25 hot glacial acetic 
ac id 76 alkali digestion.77 a  oxidation of 
tissue in  e lec tron ica lly  activated 
oxygen hydrogen peroxide digestion 
and high température ashing Most of 
these were developed to study silicosis, 
coal miner's pneumoron.osis and other 
dust disease* of the lungs, Those used to 
investigate the asbestos problem have 
produced results o f questionable value
TTie slabilit) o f asbestos minerals differ 
from inorganic materials for which the 
techniques were onginally developed 
thus chrysotile fiber* may be reduced to 
amorphous silica 'ghosts”  in extremely 
weak acas,16 »  *> the amphibole 
minerals have different degrees of 
stability in alkalis and acids ,a Ther^nre 
most «traction techniques commonly
used m laboratories io  study 
pneumoconioses are too vigorous for the 
asbestos mineral group Extraction of 
sub-micron fibers from human tissues by 
such methods may profoundly change 
the character of recovered minerals

These observations prompted Nagel- 
schmidt to remark that a good extraction 
technique 'w  (he removal of asbestos 
fibers from human tissues had yet to  be
developed32 It was Nagelscbmidt's 
labora tory  w h ich  used d iffe ren t 
techniques on equal aliquots o f the same 
lungs and obtained different minerai ex­
tracts w ith each technique.

Most laboratories rely on oxidation of 
bulk tissues for recovery of inorganic 
mineral residues This may rovo/ve either
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high temperature oxidation oi bulk, tissue 
m a muffle furnace o ' low temperature 
ondanon of- smafl quunlitit-. o f tissue m 
activated oxygen 8oth techmqoei. work 
well w ith some preference tor use o i the 
l<jvs temperature technique since the 
inorganic phases arc less likely to be 
dehvdfoxylaled Oxidation mav be used
m conjunction with a wet chemical 
digestion method if a sppritic liber is 
being sought for example potassium 
hydroxide digestion ot tissue may be 
used tor chrysottle tecosery as the pH of 
fte  system (at S*k coni enttaiion) is near 
the isodectnc pom« ot the fiber (108 ) ,8 
Search for a single fiber type has the 
disadvantage mat the technique may not 
permit survival ot other mineral fibers 
which may be present and important 
biologically

Evaluation  o t  at! currently  used
digestion techniques indicates .hat no 
one is suitable for extraction and 
recovery o« a ll tiber types Some 
¿Iteration ot mineral phases w ilt occur, 
especially in ftder\ of small particle size 
How ever, even with thf^e diff-OJliiesi 
extractions and analyses o f bulk lung 
residues have been made

B. X ray D iffra c to m e try
The x-ray powder patterns and crystal 

structures for in d iv idu a l asbestos 
minerals have been de’ismined in a 
number of studies !he*e data have 
been used purnanly w ith phase iden­
tification of sott'ort fibrous dusts41 *’ or 
for quality contro l41 Some work has 
been done on tissue extracts w ith this 
technique w ith varying results 12 u  ** 
Araphibofe asbestos fibers have been 
identified by this method but m no case 
has chrysolite been identified pven in 
cases k ro w n  ro ftave been o c ­
cupationally exposed to this variety of 
asbestos

A number of analyses of lung tissues 
extracted w ith the low temperature 
ashing technique m conjunction w ith 
potassium hydroxide digestion have 
been made The x-ray diffraction pat 
terns obtained on extracted residues
w w  not dtdiaUeustic. oi the a«bestos 
fibers believed to have been present m 
the tissues on the basts oi occupational 
histones44 No successful identification 
was made on residues obtained from 
lungs of woriemen exposed ro chrvsutrte 
containing dusts Some representative x 
ray reflections were obtained from sam­
ples of dusts from men exposed to am-

phibole asbestos, e g , amosite The 
technique proved inadequate even 
when more sensitive powder camera 
techniques were used 

The reasons «or lack o f success with 
this techn ique  are the partic le  
population tended to  be mixed so the x- 
rav spectrum obtained from each sample 
was complex the x-ray reflections ten­

ded to be broad and ot low intensity 
making accurate determination of angles 
nf reflections extremely difficult, inhaled 
particles tended lo be o' small size thus 
producing a ’line-broadened" x-ray 
spectrum 4' w ith  generally poor 
resolution the presence o f endogenous 
iron compounds (hemosiderin) tended 
to induce x-ray fluorescence obscuring
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4 mall peak« in a heightened background 
H>e iw n  reported cases of success using 
the x-ray technique*-' 15 were obtained 
on workmen exposed to the amphibole 
mtaecil ¿movie in addition to the am­
biguities which derive from complex 
mixtures diminished intensities and par­
ticle size pffects. marked alteration o f the 
particles m vtvo also lim it their iden- 
duration Biological degradation of 
asbestos has been lepurted previously 
44 -  s* yhe extremely acid-sensitive 
chiysottle is most readily broken down 
m vivo, reduced in sire50 and depleted 
in magnesium Our observations in­
dicate that even when the occupational 
history is known the x-ray diffraction 
technique is inadequate to characterize 
lung dust burden ft is o f limited value 
for amphibole asbestos exposures, 
especially if fiber types are mixed, and 
almost valueless if  exposure is to 
chrysotile Although some reports in­
dicate some success in fiber iden- 
tificat'on, the x-ray technique should be 
recognized as having limited value

C ■— Infrared Spectroscopy
the  infrared spectra o f asbestos 

minerals have been determined4** 55 54
As with x-ray diffraction, only limited 

success has been achieved for iden­
tification of mineral phases in tissue 
residues *  u  Ousts containing am- 
phibote asbestos minerals yield inrrared 
spectra characteristic o f the amphibole 
mineral gtoup. 1 e , the spectrum ob­
tained u characiemt'C of the structural 
array of ail minerals in the group rather 
than one specific member of ihe group 
Specific amphibole minerals could not 
be identified The characteristic spectra 
of chrysotile obtained on pure mineral 
specimens were almost identical to the 
olher serpentine mineral phases lizardile 
and antigome* making them virtually 
indistinguishable from each other In ad­
dition, the infrared spectra o f serpentine 
minerals ate teirraikably similar to other 
sheer silicates so that any admixtures of 
chrysotile with days or talc tor example 
make fiber identification impossible by 
infrared spectroscopy alone As m the 
case of x-ras diffraction alteration o l the 
asbestos fibers m vivo, or during 
recovery frnm lissii? would alter the 
diagnostic properties Although a high 
resolution spectrophotometer* was not 
used in our study, confounding effects 
existed which Jav outside the Instrument
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design Complex mineral assemblages 
bodv safts organic debns and alteration 
o f particles in vno  restrict the use of this
technique fix  identification purposes

D. — Differentia) Thermal Analysts
The thermal behavior* or various 

asbestos minerals have been deter­
mined4* 55 r  *® for a range of sample and 
instrumental variables The amphibol« 
yield characteristic DTA patterns which 
are inadequate for unequivocal iden­
tification, even m the ' pure' mineral 
state 8oth exothermic and endothermic 
peaks tend to b* small <n magnitude and 
broadened over a long thermal range 
Chrysolite produces a well-defined pat­
tern but tends to be extremely sensitive 
to changes in sample preparation and 
«penmental conditions ss Variations m
particle size and packing ol sample 
influence the endothermic dehydro- 
xyUtton peak so that it may shill sc
much as 100C The influence o f these
factors on diffusion of vapor from the 
site of reaction** is well documented In
addition, instrumental variables such as 
ctiange m heating rate and instrumental 
sensitivity may alter peak position and 
configuration of thermal curves »

We had no success characterizing ex­
tracted lung dusts using this technique4* 
The major problem was interference of 
the residual organic phases which 
produced a senes o f slrong exothermic 
reactions m the thermal range m which 
characteristic asbestos reactions occur

t  *— Summary—Sulk Techniques
T lit use of a bulk uisUuuitiiia l 

technique to characterize phases m re­
covered lung dusts presents many dif­
ficulties Even with the most useful 
technique, x ray diffraction, the results 
are marginally useful lo t amphtboles a -d  
of 10 value for chrysolite identification 
A numhor o f serious probtems are 
inherent m the analysis evidence 
demonstrates that chrysotile alters m 
vivo, thereby losing or changing its 
pfrysical and th tirm a l Uw iauw istits 
needed for identification, extraction of 
particles from (issues may lead to ex­
tensive alteration of asbestos present 
analytical instruments w hich have
routinely achieved acceptable results for 
pure mineral samples may not produce 
comparable results on mixed samples or 
unknowns: the amphibole asbestos

minerals tend to overlap in properties 
making individual phase identification 
d ifficu lt chrysotile asbestos closely 
resembles the platy serpentine minerals 
as well as other sheet silicates, making 
its identification difficult >f not im ­
possible large quantities o f materials are 
needed for analysis so that only tissues 
from occupationally exposed individuals 
are of use and bulk tissue materials are 
needed for mineral fiber jecoveiy Tire 
results obtained on tissues from in­
dividuals exposed to  asbestos minerals 
are generally poo>, even when the ex­
posure history >s well known

Id e n tific a tio n  o f S ingle Par­
ticles—Light Microscopy 

(a) Asbestos todies. —  in  general, the 
object most readily noted m lungs of 
workmen «posed to ashestos dust K the 
asbestos body It ts readily discernible by 
light microscopy and is commonly cited 
as an index o f asbestos exposure The 
non-specificity of the body has been 
recognized almost as long as the obiect 
'tse ll45 t4J' V5 Asbestos bodies have been 
used as asbestos maifcers in numerous 
studies of groups ranging from oc­
cupationally exposed workmen to  the 
genera) population. Bodies have been 
counted m sputum, lung smears, lung 
scrapes, digested bulk tissues and 
various preparations and modifications 
of histologic sections 11 W-92 

These studies have reported frequen­

cies o f asbestos body presences ranging 
from 0-100% Evaluation o f these find­
ings is impossible because many fac­
tors and study designs were not uniform 
The studies differed in such variables as 
age and sex, techniques o f material 
jyeparation selection of kinds and 
amounts o f b io log ica l specimens 
examined, lung sites examined: number 
of specimens examined per case areas 
scanned per case, magnifications used in 
scanning, type of microscope employed 
fiber type involved duration o f ex­
posure, relative dustiness of trade and 
work areas, type of histologic stain; pre­
paration used for digestion and cen­
trifugation o f bulk samples All studies 
assumed hom ogeneity o f body
distribution in the tissue materials 

Some erf the above differences may 
not appear to be obvious drawbacks fot 
example asbestos bodies tend to form 
w ith  different degrees o f efficiency m 
human lungs as a function o f fiber 
type*”  The same number o f asbestos 
bodies observed in tissues o f workmen 
exposed to different fibers need not in­
dicate similar exposure levels. Different
fiber types tend to form aerosols with 
rharactenstir size distributions* so that 
"th ick" bodies, those easily seen by light 
microscopy, are more likely to be 
nucleated on Iremolite anthophyllile or 
amosue. Chrysotile, the most commonly 
used fiber m the United States, tends to 
form fibers o f small s i?« readily 
degrades in vivo, and resists formation of
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asbestos bodies <I*
(b ) AsbestCK tfb e n . —  lung tissues 

fro«« 3000 case, from ih« g«nm l 
population ot New York City were 
examined lot asbestos bod> contentB}«  
The optically visible asbestos bodies 
represented only a small fraction of the 
total inorganic particles present m lung 
ti$«ues In these « m e  tissues many
1 no [game uncoated fibers were ob­
served, including many w ith  diameters 
of less than 1 micron In 1,028 of the
2 000 cases these fibers were observed
jo be piesent ^  The occurrence ot such 
thin fibers appears to correlate with 
asbestos body count

While the light microscope appears to 
be adequate for the search for asbestos 
in human lungs, there is much evidence 
to suggest that this is not so Fven after 
light microscopy indicates the presence 
ol '  fibers" and 'bodies", important 
questions remain unanswered What are 
the uncoated fibers, specifically*, whal 
lies at the cote uf "asbestos bodies"7 
Light microscopy furnishes information 
about the morphology ol a particle, its 
color, relative crystallinity if polarized 
light optics are employed, and the in­
dices of refraction if immersion oils 
are used This may provide information 
tor fiber identification were one certain 
that the particle had not altered in vivo 
More important, the major drawback in 
using the light microscope to search for 
and identify asbestos m human lungs is 
the fact that it is size and resolution 
limited Identification of particles ts 
based upon correlation w ith  standard 
asbestos fibers, the optical properties of 
which were determined on much latger 
fibers, fibers recovered from tissues tend 
to be much smaller and the optical 
properties associated w ith larger fibers 
are infrequently observed in smaller 
ones Optical microscopy should be 
considered preliminary because size and 
resolution limitations allow only narrow 
perspective o f the total lung burden of 
particles The number of light-visible 
fibers in human tissue is limited com 
pared to smaller, sub-tight microscopic 
fibers. Observation o f the prevalence o f 
asbestos bod ies w ith  the optical 
microscopp may or may not indicate the 
burden of asbestos fiber The search for 
and identification o f fibers must be 
made on the sub-light microscopic level

Id e n tific a tio n  o f S ingle Far*
tkies—Electron Seam Instraments

A greet num ber o f sub ligh t 
mtcroscoptc asbestos fibers occur in 
lungs of workmen exposed to aerosols
containing asbestos «  <m «*> <r <e the  smalt 
fibers appear to be present to amounts 
estimated from an equal amount to more 
than 1,000 urmts greater than those fibers 
visible by light microscopy This is o f im­
portance in studying exposure in the 
general population among whom there 
appear to be primarily sub-light m ic­
ro *cpp«c fibers in lung},1”  «■ ** a find­
ing understandable in light of recent 
w o rk  dem onstra ting  sub-hght 
m ic roscop ic  ch ryso trle  fibers  as 
significant constituents in urban air sam­
ples ,m The search for asbestos fiber 
should be made by a method which per­
mits companion on all exposure levels 
and fur all fiber types. Electron beam in­
struments may be employed tor such 
purposes

To examine specimens or» the sub- 
light microscopic level, tissues should be 
prepared so they are compatible w ith  the 
technique. Several methods currently 
available for this are f t )  direct 
m icrom am pulation o f objects from 
tissues on to appropnate substrates (2) 
digestion o f bulk tissue, (3) carbon ex­
traction o f partides from histologic sec­
tions

(a) Tissue Preparation. (1) The
mirromanipuiator has been used to 
remove and transfer objects (torn
histologic sections to appropriate sub­
strates for examination bv electron beam 
instruments 51 w This technique requires 
localization of objects w ith  a light 
microscope- removal n( Ihe tissue matnx 
by low -tem pera tu re  oxida tion, 
placement o f the ashed slide on the 
miCTomantpulator stage and use o f a
mechanical manipulation system to 
remove selected objects from the sec­
tion  The use o f the tight microscope tn 
the search for these objects precludes, 
by definition, sub-light microscopic par­
ticles from analysis Asbestos bodies so 
removed tend to be nucleated on am- 
phibole fihpr*.52 7i Uncoated fibers are 
only rarefy removed from tissues by this 
method, (2) Occasionally bulk tissue rs 
digested by the alkali method or ashed 
in air or activated oxygen and the

residues examined by Section beam in­
struments.* >3 w w icn One procedure in­
volves several cyctex o f washing and
ce n trifuga tion  (a lka li d igestion 
techn ique} and both  require 
homogeneous dispersal of the residue by 
sonificaiton m an aqueous medium 4t*J 
pipetting the homogenate on to electron
microscope grids The technique is ec- 
cellem ror tissues m which low con­
centrations o f asbestos dusts are present 
The m a jo r drawbacks are the 
'equiremem for bulk tissue samples and 
the partial destruction by atk»!t o f some 
amphiboles. (3) A technique has been 
developed which permits using normal 
histologic sections m the search for 
asbestos particles« »  «* n»s
method is called the carbon extraction 
technique and consists of a procedure in 
which the tissue is ashed on a glass 
slide, impregnated w ith a water-soluble 
plastic removed from the slide, a layer 
of carbon deposited on the tissue sur­
face. and the plastic dissolved w ith hot 
wa’er leaving a floating carbon film 
w ith relic tissue and particles 55 *•

The importance of the carbon ex­
traction technique cannot be overstated 
it may be used for all tissue materials, 
even in cases wliere only slides are 
available all exposure (eve)} may be 
examined in this manner b> electron 
beam mstiuments (general population, 
or low intensity exposure cases, require 
much  scanning tim e), the carbon 
provides a stable medium and sup­
p o rting  f ilm  fa r e lectron  beam 
examination o f all particles, the same 
section may be transferred to the vanous 
beam instruments for determining the 
range o f physical and chem ical
parameters required for characterization.

(b ) Transmission Electron 
Microscopy — The examination of 
tissue preparations by transmission elec­
tion microscopy makes visible all fiber 
in the tissues and the morphological 
characteristics by which they may be 
identified Qirysortle generally consists 
of broken open, often curved, "bundles" 
of unit fibrils or o f isolated fibrils These 
fibrils are 20O-4OOA m diameter and are 
made up of an electron translucent cen­
ter (a capillary), electron dense "waits" 
(crystalline structure containing the 
capillary) and an electron translucent
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amorphous edge which increases in 
thickness w ith l im e o f exposure l« the 
electron beam The relative dimensions 
of the units mas w ry Thesr* leatures 
have been described m  the 
m ine ra to g ica l11" - " 15 and m edical 
literature Occasionally chrysolite 
may be present in tissue as dumps9* but 
more fivqiw^nth as individual ItbnU 
especially in ind iv idua ls  not oc- 
cupationaiiv exposed to the f i b e r 101 
Chrysolite thar has been vigorously 
treated, such as in hammer- or ball- 
milling, tends tr> detorm readilv under an 
electron beam suggesting that the 
crystalline structure at the edges ot the 
tibnU have been disrupted ^  The mor­
phological characteristics ot ftbrilv ob­
served m human tissue vary to some 
degree vet thev are distinctive enough 
for unique identification *7 99 

At first glance the overall mor­
phological charactefisnr« o f the am- 
phibole asbestos fibers are remaricably 
similar, tending to be electron den«* and 
either straight or bent Occasionally un­
der high mag'iification "cross-hatching”  
produced b\ diffraction contrast may be 
observed along the ubers width fhese 
'bands'  may oscastonafly be observed 

to move up and do-vn the fiber as (he
intensity of the electron beam t\ varied 
on the surface of the sample These ef­
fects ¿re likely caused by thermal Stress 
and change ir» con'/eigance of the elec­
tron beam It (« possible to differentiate 
the ampmbole asbestos minerals mor­
phologic a lly ■" Fibers are measured 
across ihotr w id th  and a w id th
distribution is determined Each am- 
phtbole tvfM? apparently possesses a 
relatively unique w idth distribution 
which mav be used as an identification 
too l Current studies in the En­
vironmental Sciences Laboratory suggest 
that this may not be *s straightforward as 
previously indicated Also in many 
nmoccupationally exposed cases ihe 
number of such fibers observed in 
tissues is small so that lire usefulness of 
differential w idth distributions is re- 
stneted Also, mixed fiber exposures, 
apparently more the rule than the ex­
ception make the results equivocal 

It appears that, on a morphological 
basis, chrysolite may be differentiated 
from all other inorganic silicate fibers

m

The amphibole fibers may be identified 
on a specific, fiber type basis only m 
cases where exposure is "p u re ' Such 
exposures are generally rare so that only 
the amphibofe group may be identified 
usually not the fiber species 

(<) Selected Area electron D if­
fraction. — Most transmission electron 
mirroscope^ today am equipped with 
controls which make possible change <n 
instrument geometry so that diffracted 
electrons may be brought mto focus on 
the image screen Crystalline materials 
pa lte r electrons in patterns represen­
tative of their crystal structure and m- 
terpldnar spacing* Single crystal Laue 
geometry (fixed film  and crystal) applies 
so that both dimension and angle 
characteristics may be measured direc-
tfy t *  from  each asbestos fiber type a 
charactenstic single crystal pattern may 
be obtained97 This technique permits 
more exact identification o f fibers when 
morphological characteristics are not 
definitive.

Chrysolite yields a unique diffraction 
pattern arid may be identified On this 
basis as well as by its morphology507 ,0* 
Diffraction studies of fibers m tissue 
materials have demonstrated the im­
portance of the technique as a too! for
iden tifica tion  o f chryso lite97 ~ O n e
report recently proposed that it 15 
possible to differentiate among am- 
phibole asbestos type* wilh the dif­
fraction technique ,[W However, these 
observations have recently  been 
criticized because several patterns ap’ 
pear which are not accounted for by the 
mineral's space group symmetry 1,0 

Recent work has shown that reflec­
tions obtained by the electron diffraction 
method indexed according to  known 
space groups for Ihe amphibole 
minerals, show heretofore unsuspected 
structural modifications " uTherefore, the 
amphibole mineral group possesses 
structural characteristics which make the 
mineral group but not the individual 
members of the group, idenlifiable 

(d) Electron Mkroprobe Analysis. — 
The electron microprobe analyzer makes 
possible x ray spectrochemical analysis 
of small particles under an electron 
beam The imaging system Is a limited 
depth o f fie ld  scanning electron 
microscope w ith  spatial resolution, using

secondary electron», o f about 0,2 
micron* X-ray spectrometers"’ ,lJ are 
equipped with crystals which serve as 
dispersive x-ray analyzers The system 
may detect dements down to and m 
cludtng atomic number 5 (boron) and 
achieve a concentration sensitivity or 50- 
100 ppm depending on instrumental and 
sample conditions

We have analyzed asbestos bodies 
and fibers bv means of the electron 
mtCTOProbe55 5,1-51 The possibility of suc­
cessful analysis of fibrous cures of 
asbestos bodies and uncoated fibers was 
predicated upon chemical differentiation 
o f the asbestos fiber types The chemical 
composition of single fibers was deter­
mined on the probe Asbestos fiber 
types, especially amphibotes, could be 
rlw rn ra lly  differentiated and idpnhtieri 
on a single fiber basts * * 55 s* A number 
of interesting observations have been 
made, chrysolite fibers are not stable m 
the biological environment and lend 10 
lose magnesium single amphtbole fibers 
may be identified on a chemical basis, 
amphibole fibers which occupy the 
cores o f asbestos bodies are not 
degraded chemically whereas uncooted 
fibers appear to have lost some magnesi­
um from their structures w

If is possible to chemically charac 
tenze and identify uncoated asbestos 
fibers in human tissues Success has also 
been obtained on fibrous cores of 
asbestos bodies only when the fiber 
protrudes from the coating material In­
dividual species of the amphibole fibers 
may be  d iffe re n tia te d  w ith  this 
technique

(e) 5ummafy— Electron Seam In­
struments. * Preparation techniques 
are new available which make possible 
examination o f any human tissues m 
electron beam instruments With the car­
bon extraction  techn ique , gross 
histologic structures arc recognizable 
and inorganic particles preserved in their 
original anatomical sites No physical or 
chemtcal artifacts are created during 
tissue preparation This preparation 
forms a stable matrix for the materials 
and allows long time examination of 
particles under an electron beam The 
mounting o f the preparation on an efec 
tron microscope gnd permits its trans­
ference mto any beam instrument and

identfficatitn of Asbestos In Human Tissue/Unger et al.
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allows multiple analyses to top per­
formed by one or several instruments 

Asbestos fibers may be Identified on 
the basis o f morphological, structural
and chemical criteria Chryyoble may be 
identified on the basis of morphology 
and selected area diffraction pattern The 
amohibote minerals, when occunng as 
single fibers, need chemical charac­
terization as wed for unique iden­
tification

Some Observations
O ur laboratory has now examined 

nssues from some 150 individuals w ith 
exposures to asbestos (occupational to 
'general population") with electron 

beam instruments The tissue preparation 
and idenimcation techniques have m 
dudod ail those described in this presen 
lation

In all cas» w lieie (lie occupational 
history indicated asbestos exposure, 
fibers were observed m the lung tissues 
Some of these were large enough to be 
seen by light microscopy However, 
most fibers present were well below the 
resolution of the light micioscope This 
w k  nhcervpri in workm en oc­
cupationally exposed to  amphibole 
fibers as well as chrysotile In the latter 
case however, the small fibers (fibnls in 
many case») were present in numbers 
about 100-1 OOOx that of the larger libers 
this size distribution existed m the tissue 
since the cartoon extraction technique 
was used m tissue preparation. Ex 
trapu lm onary tissues have been 
examined, eg. spleen, color», pancreas, 
liver Primarily sub-light microscopic 
nbers were present

in the New York O ty cases from the 
'general population" chrysotile fibers 

were found m the lung tissues of 76 of 
126 (about 601») casts f  The amount oi 
tissue examined in this study was ex­
tremely small larger amounts would 
surely have increased the positive oc­
currences Here too, small fibers and 
fibrils of chrysotile predominate in the
p a r 'tc le  pop u la tio n  Decause of 
utilization of a bulk tissue digestion 
technique, if was assumed that this 
might be an artifact size distribution 
produced dunng extraction However

this size part««-|p was observed fo 
predominate in relic tissues prepared toy 
the carbon extraction technique in 
another study.* In a number of cases, 
fibers have been found which could 
o n ly  be detected by e lectron  
microscopy However even >n these 
cases, there exists some uncertainty as 
to whether the size distribution reflects 
biological degradation or the origin*} 
inhaled aerosol The prominent fiber in 
these cases is chrysotile

Small amphtoole fibers less than 01 
microns in width have been observed m 
the lungs of workmen occupationally ex­
posed to amosite dusts The proportion 
of >ub-light microscopic fibers to light 
visible fibers ranges from about 2 to 100 
hmes and is apparently a function of the 
anatomical site in tlx1 lung.* There are 
few published data suggesting that the
majority o f small fiber* wete produced 
by biological degradation The biological 
effects observed in tissues in which these 
fibers occur have often been attributed 
to the associated larger particles The 
concomitant sub-light microscopic par- 
tides, once demonstrated, canitot be 
discounted as a major pathogenic agent 
m individuals w ith  disna<p HguiPt 1-5 

The relationships o f fiber size and type 
in association w ith human disease are 
complex Arbitrary simple assumptions
u< conclus ions based on ligh t 
microscopy that one specittc fiber type 
o ' size is responsible for disease are un­
warranted

•The ml'ii**d spectiophorometet used w*‘ a 
fwkin fin»« Model 21 cqupped witf* VaO off»'*

'Cwi>|xvt«i -Juiir m Ihe Enviionmendl S< lence“- 
laboraion lo be puWiRvec

»Compel«) vJiKh fcSt - to pUbhshed
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